Introduction

85
Recent evidence has linked the hippocampus with planning in rodents (Miller et al., 
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To investigate the role of the hippocampal theta rhythm in online spatial planning (i.e., 
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Crucially, the mazes were designed to induce forward planning in terms of a two-level 127 tree search, where participants needed to maintain the decisions they made at each choice point.
128
At both choice points, there was a small, medium, or large path length difference -creating a 129 total of (3x3) nine conditions allowing us to test the effect of planning demands at each choice 130 point depth (i.e., initial or second). In parallel, our task also contained a non-sequential control 131 condition, where participants were presented with mazes containing only one choice point (Fig. 
132
1D). In either case, we associate a smaller path difference with greater ambiguity and 133 processing demands. Importantly, in any trial, participants were only prompted to make one 134 choice after seeing the full maze; however, until the choice point was highlighted, they did not 135 know which decision (i.e. either the initial or second/subsequent choice point along the correct 136 path for sequential mazes) would be probed in sequential planning trials (Fig. 1) . After planning 137 their route, participants were asked to choose-at a specified choice point-the direction of the 138 shortest path to the goal location (Fig. 1 
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All error bars show ± SEM.
179 180
MEG Analyses
181
Using MEG source reconstruction, we asked whether power changes in five canonical 182 frequency bands (delta / low theta: 1-3 Hz, theta: 4-8Hz, alpha: 9-12Hz, beta: 13-30Hz, and 183 gamma: 30-80Hz) anywhere in the brain were related to differences in spatial planning.
184
Focusing on RTs, we found a significant negative correlation between 4-8Hz theta power 
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Specifically, increased hippocampal theta power during planning periods preceded faster 188 decisions -an effect that was also observable at the scalp level (Fig. 3C) . Notably, we did not 189 observe any correlation between theta power and trial-by-trial choice accuracy anywhere in the 190 brain, although this is likely due to a relatively small number of errors.
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In addition, we found a significant negative correlation between theta power and RTs 
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We did not observe a significant positive correlation between 4-8Hz planning period theta 
200
To assay whether significant power changes related specifically to sequential planning,
201
we tested whether each correlation described above was stronger for sequential planning trials 202 versus non-sequential/control trials. Using a 10mm sphere around the respective peak voxels,
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we observed that hippocampal RT theta effects selectively corresponded to sequential planning 
322
We studied multi-step planning in an explicitly spatial domain, but it isn't known 
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In summary, our findings suggest that the human hippocampal theta rhythm plays an 340 important role during spatial decision-making in novel environments. Namely, our data relate 341 hippocampal theta power changes to sequential dependencies during spatial planning. 
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In the scanner, participants were first presented with pictures of novel mazes ( 
387
The overhead view appeared on the screen for 3.25 s, after which a location (choice point) along were control/shallow mazes, which only contained one choice point at the red starting square.
419
For these mazes, path length differences were split between 2, 4, and 6, with one catch trial per 420 session having equal path lengths. 
477
EOG variance values and oscillatory power measurements across voxels by linear regression 478 (Kaplan et al., 2014 (Kaplan et al., , 2017c 
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Post hoc statistical analyses were conducted using 10-mm radius spheres around the respective 
